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1.

Introduction
Radical prostatectomy (RP) is widely used to treat localized prostate cancer. In a study of unscreened men, RP was shown to improve both overall and cancer-specific survival in comparison with conservative management [1] . However, the operation is also associated with the risk of longterm complications, such as incontinence and erectile dysfunction [2] , which can have a profound impact on patients' quality of life.
We have previously shown that cancer control after RP varies between different surgeons to a greater extent than can be accounted for by chance [3] . This type of variation, referred to as heterogeneity, was found even among the most experienced surgeons: Seven had adjusted 5-yr biochemical recurrence rates <10%, and another five had rates >25%. Other investigators have found similarly wide surgeon-tosurgeon variation in complication rates: Begg et al reported that 8% of high-volume surgeons had complications rates following RP above the predicted 99th percentile, whereas 3% had complication rates below the 1st percentile [4] .
Given the evidence of heterogeneity in cancer control and complication rates, it is plausible that variations in surgical execution would have a substantial effect on the rates of erectile and urinary dysfunction after RP. On the basis of a cohort accrued at a single academic center, we evaluated whether there is heterogeneity between surgeons for urinary and erectile function following RP, adjusting for case mix and year of surgery. We tested two additional hypotheses. First, we hypothesized that surgeons' urinary and erectile function rates would be positively correlated, indicating they differ in their ability to remove the prostate without damaging the surrounding tissue structures. Second, we hypothesized that surgeons differ in how they trade off cancer control and functional preservation, leading to a negative correlation between functional outcomes and cure rates.
2.
Materials and methods
Patients
A total of 2593 patients were treated by nonsalvage open or laparoscopic RP between January 1999 and July 2007 and were without either urinary or erectile dysfunction at baseline (defined in section 2.2). Patient function was assessed at routine clinical assessments every few months after surgery, leading to interval censoring. Accordingly, we converted the time-to-event data into binary variables for the outcome of 1-yr function. In the main analysis, patients who regained function before 14 mo after surgery (1 yr plus a 2-mo window) were considered to have regained function; patients who were not functional after 10 mo (1 yr minus a 2-mo window) and who did not regain function between 10 and 14 mo were considered nonfunctional. Patients without eligible data (n = 1170) were excluded from the main analyses. As a sensitivity analysis, we included all patients with follow-up data, using the assessment closest to 1 yr. Data were obtained under a waiver from the institutional review board.
Outcome measures
Functional outcomes were assessed by the treating surgeon and graded on a 5-point scale (Table 1) . Our key concern was that reported differences in functional outcomes between surgeons might result from differences in grading by surgeons rather than from differences in patient outcomes. We used definitions of surgeon grading for each outcome that we showed previously to correlate strongly with patient outcome [5, 6] : Erectile function was defined as an erectile rigidity score of 1 or 2, with urinary function defined as a score of 1. Moreover, we planned to test our findings in a separate group of patients who had completed functional outcome questionnaires. Biochemical recurrence was defined as postoperative prostate-specific antigen (PSA) value !0.10 ng/ml and a confirmatory rise or as salvage treatment.
Statistical methods
For the end points of erectile and urinary function, we created logistic regression models adjusting for case mix by including the following predictors: age, PSA, extracapsular extension, lymph node involvement, seminal vesicle invasion, pathologic Gleason grade ( 6, 7, or !8) ,
, and year of surgery. We used a fixed effect, parametric random effects regression survival-time model, using a loglogistic survival distribution to model biochemical recurrence rates [7] ;
covariates were the same as for functional outcomes, except that comorbidities and age were not included.
To determine whether there were differences between surgeons in measured patient characteristics, something that might indicate difference in unmeasured confounders, we tested whether surgeon, entered as a categorical variable in a fixed effects model, was significantly associated with our chosen predictors. Because different surgeons operated in different years and there are important changes in patient characteristics over time, we adjusted these analyses for year of surgery.
To test for heterogeneity between surgeons, a random effect following an inverse Gaussian distribution was included in the model for each surgeon to allow for patients treated by that surgeon to be at a higher or lower likelihood of erectile or urinary function at 1 yr. To produce a forest plot, we used fixed effects models, calculating the predicted probability of each outcome separately for each surgeon using the mean value for covariates. Spearman rank correlation was calculated for the adjusted rates of urinary and erectile function for each surgeon, and for the adjusted rates of functional preservation (return of both urinary and erectile function) and biochemical recurrence. Lastly, to test for an association between a surgeon's annual volume and both functional preservation and biochemical recurrence, volume was entered into the respective fixed effects regression model using restricted cubic splines with knots at the 
tertiles. Statistical analyses were performed using Stata v.10.0 (Stata Corp, College Station, TX, USA).
Results
Patient characteristics, shown in Table 2 , were similar between patients who did and did not provide functional outcome data. The exception is there are more missing data for patients treated laparoscopically, a difference that can be addressed in a subgroup analysis including only open surgeons. Small nonsignificant differences between surgeons were found with respect to follow-up, with surgeons who had better functional outcomes having a slightly higher tendency to follow patients less likely to regain function (Spearman correlation between adjusted rates of function and degree to which patients with less favorable characteristics features were preferentially followed up were, for urinary function: 0.37; p = 0.3; for erectile function: À0.05; p = 0.9). As such, differences between surgeon follow-up seem unlikely to explain any observed differences in functional outcomes. Furthermore, there were no significant differences in patient cancer risk or comorbidities by surgeon after adjustment for year of surgery (global p = 0.15 and p = 0.16, respectively). Any differences between surgeons regarding functional outcomes are therefore unlikely to be related to selection bias. For the main analysis, 1423 patients were evaluated for urinary and sexual function at 1 yr; 97 were missing data on clinical variables or recurrence. Of the 1326 patients available for analysis, 43% (n = 576) of patients had recovery of erectile function, 83% (n = 1100) were fully continent, and 40% (n = 529) had returned to both erectile and urinary function; 124 patients experienced a biochemical recurrence after surgery. There was significant heterogeneity between surgeons for both functional outcomes: erectile function (random effects variance 0.048; 95% confidence interval [CI], 0.012-0.168; p < 0.001) and urinary function (random effects variance 0.074; 95% CI, 0.024-0.211; p < 0.001). Figs. 1 and 2 show forest plots of adjusted [ ( ) T D $ F I G ] 
1-yr rates of urinary and erectile function, respectively, demonstrating wide variation in both functional outcomes. We conducted several preplanned sensitivity analyses. Our findings were unaffected if we restricted the analysis to patients who were treated by open surgery (heterogeneity p 0.001 for both sexual and urinary function) or if we stratified analysis by baseline potency grade ( p 0.001). Restricting analysis to patients treated by the most experienced surgeons with !500 prior operations, we also found significant heterogeneity for functional outcomes ( p = 0.012 and p < 0.001 for sexual and urinary function, respectively). Lastly, when we included in the model nervesparing status, itself a marker of surgeon technique, we still observed significant heterogeneity for urinary function (0.106; 95% CI, 0.023-0.378; p < 0.001) and sexual function (0.052; 95% CI, 0.004-0.398; p = 0.04). This suggests that nerve damage varies by surgeon, even within categories of nerve sparing.
We found evidence to support an association between surgeons' adjusted urinary and erectile outcomes, although the correlation did not reach statistical significance (Spearman r: 0.43; 95% CI, À0.19 to 0.81; p = 0.16; Fig. 3 ). We found a statistically significant relationship between functional preservation and recurrence that was in the opposite direction to that we had hypothesized: Surgeons with better functional outcomes also had higher rates of cancer control (Spearman r: 0.58; 95% CI, 0.01-0.87; p = 0.048; Fig. 4 ). When we expanded the cohort to include all patients with at least one follow-up assessment of functional outcomes (n = 1910) but who were not evaluated within the eligible time frame, the results supported our main conclusions (Spearman r: 0.53; 95% CI, À0.03 to 0.84; p = 0.06 for correlation between urinary and erectile outcomes and Spearman r: 0.71; 95% CI, 0.26-0.91; p = 0.007 for the correlation between functional preservation and biochemical recurrence).
Lastly, we found an association between surgeons' annual volumes and patient outcomes. Surgeons with higher volumes had significantly better functional preservation than those with lower volumes ( p = 0.005). For a patient with the mean level of all covariates, the predicted probability of experiencing recovery of both erectile and urinary function at 1 yr was 21% if treated by a surgeon with an annual volume of 25 cases; this probability increased to 47% if the surgeon had an annual volume of 100.
As a final check of our analysis, we used recently acquired patient-reported data from 1053 men who completed functional outcome questionnaires as part of a new initiative to obtain patient reports as a routine part of clinical care. We did not use these data in our main analysis because only a limited number of surgeons were represented and the patients were treated recently and thus did not have sufficient follow-up for the analysis of biochemical recurrence. Urinary function and sexual function were measured on a 0-to 21-point scale and a 0-to 30-point scale, respectively, with higher scores indicating better function. We found that surgeons with rates of functional preservation above the median for the main analysis also had superior patient-reported outcomes for both sexual and urinary function (adjusted urinary and sexual function scores of 0.9 and 1.4 points higher; p = 0.003 and p = 0.03, respectively).
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Discussion
We have previously shown heterogeneity between surgeons for rates of cancer control after RP. Here we show statistically significant between-surgeon variation for functional outcomes. The adjusted rates of good erectile function at 1 yr ranged from 8% to 49%, and rates of continence ranged from 64% to 97%. For 3 of 11 surgeons, the 95% CIs for continence rates excluded the mean for the group; CIs for erectile outcomes excluded the mean for the group for 2 of 11 surgeons. To our knowledge, this is the first study to show that erectile and urinary function after RP vary between surgeons and therefore that a patient's risk of functional impairment can depend on which of two surgeons does his RP. We also found some evidence that surgeons with superior continence rates also had better outcomes for erectile function. Critically, we found that improved function outcome did not come at the expense of cancer control; indeed, surgeons with higher rates of functional preservation also had lower rates of recurrence. Better surgeons are able to remove cancer and preserve function; less able surgeons compromise function without complete excision of all tumor cells.
Our study has several limitations. First, we were not able to adjust for each surgeon's lifetime experience. To use experience as a covariate requires a good estimation of the association between experience and outcome. Such an estimate, the learning curve, depends on having near complete case histories for all surgeons; otherwise what is compared are differences between surgeons, not surgeon experience. Functional outcomes were not well recorded until recently, leading to missing data during the early part of most surgeons' careers. We have previously shown that surgical experience is strongly associated with improved cancer control [7] . Other studies have found a strong association between surgeon volume, which is highly correlated with experience, and complication rates following RP [8, 9] . Thus we suspect that experience likely influences both erectile and urinary outcomes after RP. That said, significant heterogeneity was observed for functional outcomes when the analysis was restricted to the most experienced surgeons. From a patient's point of view it may not matter why two surgeons differ-is it because one is more experienced or the other has less inherent ability?-it matters only that they do. Second, any observational study is subject to unmeasured confounders, and it is possible that between-surgeon differences in unmeasured confounders might lead to differences in outcome. In particular, there may have been subtle differences in baseline function between patients given the same grade. We did not use baseline questionnaires of erectile function as we have concerns that asking patients about sexual activity shortly after a diagnosis of cancer is likely to be uninformative because anxiety interferes with sexual desire and performance. However, we found no differences between surgeons for any measured patient characteristics, and we carefully adjusted for major confounders in our statistical model. Furthermore, it seems unlikely that unmeasured confounders could explain the large differences we observed in this study, such as a continence rate >90% compared with one of only 65%.
The use of surgeon-reported outcomes is a clear limitation of our study and raises the possibility that we may be observing variation in outcome assessment rather than variation in outcome. Again, we find this an inadequate explanation of our results. It is implausible that differences in ascertainment could explain the very large differences we observed (eg, a 30% absolute difference in urinary function). Moreover, when we assessed function directly reported by patients themselves, surgeons with better rates in our main analysis also had better patient-reported outcomes. The strong association we report between volume and functional outcome, comparable with what other workers have demonstrated for complication rates [4] , also argues against an explanation of our findings in terms of biases in surgeon assessment, as does the positive correlation found between functional end point and recurrence, which is an objective criterion of surgical outcome.
As is common in longitudinal studies of functional outcomes, we had incomplete follow-up. Yet we found that surgeons with better functional outcomes preferentially followed up patients with less favorable characteristics, suggesting that bias is a highly unlikely explanation for the differences in outcome we observed between surgeons.
A final possible limitation is that our sample included only academic surgeons practicing at a single high-volume cancer center. We would counter that, conversely, this fact is a strength of our findings. If we were to see consistent results anywhere in RP, one would hope it would be within a single specialist institution. That we see large variation at our center suggests such variation is ubiquitous in urologic oncology.
These findings have several implications. First, the use of averages in patient counseling during initial decision making is problematic. For example, a patient might be told that if he undergoes RP, he has an 85% probability of being free of disease at 5 yr but runs a 20% risk of urinary problems and has a slightly less than even chance of recovering erectile function within a year of surgery. But as we have shown, the man's true probability of any of these events varies widely depending on his surgeon. Second, our findings raise questions about studies comparing the outcomes between different surgical approaches. In a typical study, Ficarra et al reported a 9% absolute higher probability of continence at 1 yr for robotic as compared with open RP. The authors concluded that the robotic approach leads to improved urinary function [10] . But this difference between techniques is dwarfed by the 30% and 40% between-surgeon differences we report here. It is thus plausible that the results of Ficarra et al reflect not so much an inherent advantage of the robotic technique but differences in surgical skill between the two robotic versus four open surgeons who happened to take part in the study. Our results also have implications for research. There is a clear need for research both to identify specific aspects of technique associated with superior outcomes and to explore educational interventions and thus reduce variability in surgical outcomes.
Conclusions
Rates of urinary incontinence and erectile dysfunction vary widely between surgeons, suggesting that some patients are experiencing less than optimal outcomes. Strong correlations between functional and oncologic outcomes indicate that this variation results from differences in technique, rather than from differences in how surgeons trade off functional preservation and cancer control. Urologic surgeons need to address the research, educational, and clinical issues raised by heterogeneity to uniformly deliver high-quality care to patients with localized prostate cancer.
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